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1. PURPOSE

The general purpose of the second year of this study is to exvend the study of
pulsed nuclear radiation effects on the operating characteristics of coaxial C-band bea-
con ferrite duplexer devices and to include the study of pulsed nuclear radiation effects
on the operating characteristics of waveguide ferrite duplexing devices operating under
both high and low r-f power conditions. The coaxial duplexer to be investigated further
was developed by the Sperry Microwave Electronics Company under Contiract No,
DA36-039-SC-85330. The four-port, differential phaseshift, waveguide duplexer and
the Y-junction waveguide circulator to be investigated were alsu developed by the
Sperry Microwave Electronics Company for use in various types of radar and commu-
nication applications, Experimental radiation effects data are to be acquired for the
duplexers and ‘or their components operating in a frequency range of 5.4 to 5.9 Gc and
at least two r-f power levels, one below one watt (low power) and the other as high as

possible (expected to be near 5 kilowatts peak).
Specifically, the aims of the seventh quarter of the study were the following:

To perform a {ifth series of experiments at the Sandia Pulsed

[ ]
Reactor Facility (SPRF), during the week of 2 December 1963,
involving irradiation of the individual waveguide and coaxial du-
plexer components and assembled coaxial duplexer. The compo-
nents were operated under two levels of power approximately

. equal to 100 milliwatts cw and 5 kilowatts pulsed.

To reduce and analyze the data recorded during the fifth series of
experiments.

1-1




2. ABSTRACTY

This report presents the results of the {ifth series of radiation environmental
experiments conducted during the seventh quarter of the program. Included in the re-
port are a description of the equipment used to perform the experiments, the measure-
ment techniques employed, and a complete dosimetry report. Photographs of impor -
tant phases of the test are given to provide the reader with a better insight into the
study., The microwave high power tests, which were initiated during the fourth series
of tests, were continued for the {ifth series of experiments. Conclusions presented

are bascd upon the data taken thus far, including the fourth and {ifth series of tests

with high power aperation,




3. PUBLICATIONS, LECTURES, REPORTS
AND CONFERENCES

3.1 PUBLICATIONS
No additional publications were generated during this reporting period.
3.2 LECTURES
None in this reporting period.
3.3 REPORTS
None in this reporting period,
3.4 CONFERENCES

A conference was held on 17 December 1963, at the U, 8. Army Electronics
Research and Development Laboratory, Fort Monmouth, New Jersey. In attendance
from the U, S. Army Electronics Research and Development T.aboratory were:

L. L. Kaplan

F. Palmisano

William H. Wright
John Carter

In attendance from Sperry was: G, R, Harrison.

The purpose of this conference was to analyze and review the results of the program
to date and to discuss and formalize the scope and plans to be followed for the re-

mainder of the program,
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4. FACTUAL DATA

1,1 EXPERIMENTAL PROCEDURES
L1 Introduetion

Tre [ series of tests was conducted o extend the information obtained on
o o

2.0,

e comnial and waveguide components tested previously " and o continue

a study of these components operating under i mucn higher power level than earlier
experiments. Low power microwave experiments are conducted using approximately
100 millivatts of ew power to drive the components under test. High power micro-
wave tests employ a magnetron power source to drive the components under test with
approximately o Kifowatts of peak power.  The high power source delivers two v-f
pulses approximately 10 microseconds in width with a separation of 150 microsceconds.
The tirst pulse. berecalter called P11, was delayed from the control room (SPRY)
synchronization trigger by approximuately 220 microsceconds. This delay placed P1undev
e radiation burst, Tae sccond hurst of rt. hereatter called P20 could be delayed up
150 microseconds foltow g P The delay was normally set for the maximum of 150
microseconds,  The two-pulse system was desirable beeause it provided a means te
ohserve te cliects during the radiation burst as well as any hingering effocts following

the burst,

Three Jow power sources were employed to pertorm hackup experinments to the
hich power tests and to extend the data taken on previous trips to the reactor. Only one
experiment at hizh r-1 power was performed during cach radiation burst. Bota the low
aned high power sources were operated at a trequencey ol 5.6 Ge, Dloek diagrams of
the fiich and Tow power sowrees utilized durma the Lt series ol experiments are the

. LR
same s shown in the preysous report,

The stenal produced by the power souree. destenated mor

itor signal, was oh-
served during cach burst to insare that no changes oceurred in the driving power.  This
was accomplished by using w directional coupler o sample the power delivered by the
source which was detected and monitored on o scope, Also, the power reflected from
thc component under test, designated VSWR signal, was monitored hy using o circulator

flow powery ar adirectional coupler (hish powery hetween the source and the component

under test,




On the two-port devices tested, such as hniters, waveguides, and isolators,
the return signal from the device was monitored,  When three-port devices (cireulators,
duplexers, ete.) were tested, the power was delivered to the transmitter port, and the

roturn signals from the antenna and receiver were monitored,

The following parts of this section (4, 1) present a description of the procedure
and the components tested during the fifth series of tests.  Section 4, 2 contains an analy-

~i< ol the results obtained during the experiments.

11,2 Wayeguide~to-Coaxial Adapter Tests

Previous duta have indicated some discrepancies in the results when waveguide-
o-cnaxinl adapters were used at the test component.  All input and output transmmission
lines were coaxial cable, When waveguide sections and waveguide components were
tested, adapters were required to test these components.  Nine separate adapters have
been used in previous experiments. Some of these adapters contained polyethylene
matehing heads and others used Rexolite beads.  Previous data indicated that the mateh
into the adapters was affected by the nuclear radiation.  Some experiments were per-
formed theretore during the fifth series of experiments to evaluate these adapters using
the different bead tvpes to the extent that any effeets observed could be noted and taken
mto account when evaluating and testing waveguide components. Tests were performed
at hoth high and low power, ‘

Figure 1 shows a typical return signal at low power from a set of adapters with
polvethylene beads,

Fizure 2 is a photograph of the test setup at the SPRE,

Lo Waveguide Tests

Secttons ot C-hand aluminum waveguide (uir filled and high density polyfoam
Hlledy were tested while operating under low power conditions.,  Figure & shows the
winnewdide section m test positions in the SPRE,  Figure | presents a typical photo-
~raph o the reaction which occeurred in o one-toot section of air fillcd aluminum C-band

wancgsde operating under approximately 1oo milliwatts ow,




Return Signal
Vertical Sensitivity 0.005 volts/cm
Horizontal Sweep Speed 50 usec/cin
Figure 2.
Figure 1, Burst No. 4, waveform of the return
T signal from a set of waveguide-to-
coaxial adapters(polyethylene beads)
operating under low r-f power at 5.6 Gc.

WAVEGUIDE DUPLEXER  WAVEGUIDE CIRCULATOR

ALUMINUM WAVEGUIDE COAXIAL DUPLEXER

Figure 3. Reactor scene showing a waveguide

T duplexer (upper left), an aluminum
waveguide test section (just under wuve-
guide duplexer), a waveguide Y- junction
circulator, and a coaxial duplexer in
test position,

Figure .

S0P

WAVEGUIDE

WAVEGUIDE- "
ADAPTE

Typical test configurati
raising the reactor intc
The components clockw
reactor hole were a wa
and three separate set-
to-coaxial adapters.

Upper Trace: Monitor Signal

Vertical Sensitivity
Horizontal Sweep §px

[ower Trace: Return Signal

Vertical Sensitivity ¢

Horizontal Sweep Sj.
Input and output signa.
of aluminum C-bhand
ating at 100 milliwvatt




WAVEGUIDE DUPLEXER

Return Signal
Vertical Sensitivity 0.005 volts/cm WAVEGUIDE~ TO-COAXIAL
Heorizontal Sweep Speed 50 ysec/cm ADAPTERS

Figure_l_, B.urst No. 4, waveform of tpe return Figure 2. ;I.Zi‘; 1;:1 tt::tr::rcl:;gru:‘:tt;ot!;:te::sl:;?:.e
signal from a set of waveguide-t.- The components clockwise around the
coaxla} adapters(polyethylene be‘“j,l S)_ reactor hole were a waveguide duplexer
operating under low r-f power a: .6 Ge. and three separate set-ups of waveguide-

to-coaxial adapters.

WAVEGUIDE DUPLEXER WAVEGUIDE C!RCULATOR

Upper Trace: Monitor Signal

ALUMINUM WAVEGUIDE COAXIAL DU TLEXER Vertical Sensitivity 0. 005 volts/cm
Horizontal Sweep Speed 530 wsce/em

Lower Trace: Return Signal
Vertical Sensitivity 0. 003 volis./em
Horizontal Sweep Speed 50 psec/em

Plaure 5.0 Renctor seene showing a wavegu i
duplexer (upper lefty,  an alumi am
wavepuide test section (just under wayve-
puide dupleser), a wanveguide Y- junction

cireuiutor, and a coaxial duplex § Figure -t,  Input and output signals on a section
test position, of aluminum C-band waveguide oper-

ating at 100 milliwatts cw at 5.6 Ge. -0




114 Conxial fsolior

A C btand, wnterni! magnet. cosxist ieolator «as tested in fhe reacior operating
under lown poser  The 1rotstor oo drivep n the for. ard direction, 1 ¢ | the

direction of low inserticn Inse A typical return sigral is cFo.vn i Figure 5.

4.1.5 Coaxial Circulutor

A C-band ferrite, Y-junction, coaxial 2irculator «was tested vhile oper . .ting
under high power. The antenna port was monitored tor changes in the insertion loss.
Figure 6 presenis the typical test data of the veaction observed on the antenna port of
a coaxial circulator operating at high power.

4.1.6 Coaxial Limiter

A relatively small reaction has been obkserved on a gyromagnetic coaxial
limiter in past experiments when operating the component under low power. However.
in these tests the limiter was operating at power levels below the limiting threshold.
During the fourth and fifth series of tests, the coaxial limiter was driven with the high
power source. During the fourth series of experiments it was observed that signal
through the limiter increased by approximately 10 db. This was interpreted as a 10
db transient increase in the limiting threshold of the limiter.

During the fifth set of experiments the limiter was again evaluated at low and
high r-f power. Figure 7 depicts the typical test data of the limiter at low power (100
milliwatts) during Burst 12. Similar data were obtained during Burst 13. High power
tests were performed on the same limiter during Burst 14. With an oscilloscope verti-
cal sensitivity of 0,02 volts,’em, the reaction went off scale. The data shown in Figure
% were obtained during Burst 15 with a vertical sensitivity cof 2 volts,’em. For dats
comparison the calibration data are shouwn in Figure 9 The same Hmiter was 1 nder
test during Burst 1d. but no acceptable data were obrained, No signal was obuerved
from the limiter m Burst 16, Calibration photographs Fefore Lurst time were ac -
ceptable. For Burst 17 o new limiter was tested  Time did not permif calibration
hefore the radiation burst. The dats obtined indicated an increase of the signal
through the limiter during the burst No signads could be obt dined from the hmiter for
calibration atter the burst,

Duving By rat the crigina? dirst, limter < s tested of fos pessor The d o

obt dned e depreted in Frgure 1o

The oot contipersting of "he limite p 1< shova 1y Fiewae U
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Burst No, 6, monitor and return
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Upper Trace:  Monitor Signal
Vertical Sensitivity

Middle Tras Return Signal (Anta
Vertical Sensitivity

Lowar Trace Receiver Return Sig
Vertical Sensitivity
COAXIAL LIMITER WAVEGUIDE CIRCULATOR Horizontal Sweep Sp
Figure 11. Test configuration at the SPRF. The compo- Fioure 12 arst No. 6, waveform
“  nents are as follows (clockwise, starting with T L.pal from the antenna
component in upper right hand corner): wave- “orts ot w C=band conx
suide duplexer, waveguide circulator, coaxial prloxer operating e

limiter, and coaxial duplexer. wer ol a6 Ge.
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4.2.2 Transient Radiation Effects in the Components Tested

Waveguide to Coaxial Adapters. The effects observed during the waveguide-
to-coaxial adapter tests are presented in Table I. For the high power tests, the
effects observed for the first pulse, P1, are tabulated separately from those of the
second pulse, P2, Polarities indicate whether the changes were increases or de-
creases in isolation or insertion loss, A positive sign indicates the signal being

~ monitored increased, and a negative sign indicates the signal decreased. Any changes
in the high power signals levels less than 0.1 db are considered msigniﬁcant due to
" the error associated with calibration.

e e 'rhe fonowing explanations are for Tables IthroughV~ oo e

e e onn s s e s e e Smarme et e Gt e e i e e e e o g e epp = e e e e e

.o‘ Column l of Table l asstgns an identiﬁcation number to each
reaction for reference purposes.

e ‘:Column 2 is the burst number assigned by Sperry, i e. . the
R ’ : firgt burgt during the tests was assigned nomber t. .

' * Column 3 gives the change in temperature of the reactor for
} , , . each burst as supplied by the SPRF personnel.

* Column 4 is the oscilloscope channel number which re-
corded the reaction.

- e e e e “¢ Column'5 gives the name of the coniponent being tested, —

® Column 6 lists the power source driving the component.

¢ Column 7 gives the crystal detector number used to monitor
the signal concerned.

e Column 8 presents the crystal sensitivity as calculated from
the calibration curves.

o Column 9 gives the sensitivity of the oscilloscope channel
monitoring the signal,

* Column 10 presents the magnitude of the deflection observed
on the oscilloscope.

~ & "Column 11 lists the effect in db as calcutated from columns
8 and 10.

. Column 12 lists the signal rhonitored.

Four sets of adapters (labeled #1, #2, #3, #4) were tested at low and high
power. Rexolite and polyethylene matching beads were evaluated in each adapter.

' ‘The following conclusions are offered regarding the waveguide-to-coaxial
adapters from the data in Table I
¥ The average transient decrease in signal level passing through

Tomm o o e e e emme e e = o the peapters using Rexolite beads was approximately 0.1 db
e e : .. .. .. .. wblle operating in the 100 milliwatt level at 5.6 Gc. o




TABLE I. RESULTS OF RADIATION I
1O COAXIAL ADAP
HIGH AND LOW
1 2 3 4 5 )
IDENTIFICATION | BURST | BURST | INPUT COMPONENT UNDER TEST
NO. NO. NO. NO.
1 1| 965 1 WAVEGUIDE T0 COAXIAL ADAPTER #1 (REXOLITE BEAD)
2 1 9.5 2 '}
= N - 3 % .5 4 #3
4 1 9.5 8 | #“
o 5 1 | e85 1| "
S W — -2 ~96.0. . 1.} o 4
7 2 9.0 2 #
8 2 9.0 4 %
9 2 9.0 8 1 “
| 10 3 105.5 2 | WAVEGUIDE TO COAXIAL ADAPTER #1 (POLYETHYLENE BEAD
11 3 105.5 4 #3 |
12 3 105. 5 8 #“
13 3 105. 5 1 ‘ '
14 4 106. 2 2 "
15 4 108. 2 4 ¥
16 4 106. 2 8 4
17 4 106. 2 11 %

NOTES: 1. WHERE THERE ARE TWO VALUES GIVEN, THE FIRST CORRESPONDS TO THE HIGH POWER PULSE (Pl}
| - e e DELAYED- ~200 1 SECONDS AFTER.THE SPR TRIGGER; AND THE SECOND VALUE CORRESPONDS TO
3 THE PULSE (P2) ~ 350 .SECONDS AFTER THE SPR TRIGGER.

2. POSITIVE SIGNS INDICATE AN INCREASE IN POWER AT THE POINT OF MEASUREMENT.

3. MONITOR: DETECTOR MONITORING THE INPUT SIGNAL LEVEL.
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE.
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE DEVICE.

4. LOW CW - APPROXIMATELY 100 MILLIWATTS CW AT THE COMPONENT UNDER TEST.
P HIGH PULSED - APPROXIMATELY 5KW PEAK AT THE COMPONENT UNDER TEST.




5

ONENT UNDER TEST

ADAPTER #1 (REXOLITE BEAD)
" !
#3
#4
#3
#1
11
#3
#

#3
3
#3

#3

'ONDS TO THE HIGH POWER PULSE (P!
E_SECOND VALUE CORRESPONDS TO

INT OF MEASUREMENT.
L.

E.

DM THE DEVICE.

JPONENT UNDER TEST.
ENT UNDER TEST.

L ADAPTER #1 (POLYETHYLENE BEA!"

ABLE |. RESULTS OF RADIATION N VIRONMENT TISTING OF WAVEGUIDE

TO COAXIAL ADAPTIRS AT 5.6 GC FOR R-F
HIGH AND LOW POWIR CONDITIONS

6 7 8 0 10 1 12
PRIVING  gronard SRYSTAL | CRYSTAL | VERTICAL GAIN MAGglgUDE— MAGNITUDE | gignpr3
NO. (MV/DB) EFFECT EFFECT
(MV)3, 2 (oB)1, 2
HIGH ~ PULSED ! 224 100 8, -6 -.04,-.03 MONITOR
HIGH  PULSED 1 148, 144 100 48, +6 +.04,+.04 RETURN
LOW cw 13 %0 5 -8 -. 09 - RETURN
LOW cw 3 22 5 -5 -.23 RETURN
LOW cw 6 156 5 -5 - 03 VSWR
HIGH  PULSED 1 158 100 48,48 +.04,+.05 MONITOR
HIGH  PULSED 1 132, 122 100 -26, -18 -.20,-.15 RETURN
Low ~ CW 13 98 5 -1.0 -0 RETURN
LowW cw 3 40 5 -4.5 - 11 RETURN
HIGH  PULSED 1 100, 95 100 +5,45 +.05,+.05 RETURN
LowW cw 13 142 5 -10.5 -.07 RETURN
Low cw 3 19 5 -5 -.26 RETURN
Low cw 6 198 5 -4.5 -.02 VSWR
HIGE  PULSED 1 114,80 100 -- -- RETURN
Low cw 13 9 5 -10 -.10 RETURN
Low cw 3 20 5 -5.5 -.28 RETURN
LOW cw 6 162 5 -4.5 -.03 VSWR
T T o 1208 / s03p
| e,
4-u/12




TABLE II.

RESULTS OF RADIATION ENVIRONMENT 1

WAVEGUIDE, COAXIAL ISOLATOR, COAXIAL CIRCULAT!
UNDER 5.6 Gc R-F HIGH AND LOW POW
1 2 3 4 . 5 L EE
| IDENTIFICATION | BURST | BURST | INPUT COMPONENT UNDER TEST DRIVING SIGNAL4 c
j NO. NO. SIZE NO. DE
1 (°C)
1 9 93.5 8 | ALUM. W/G (AIR FILLED) LOW CW
2 10 111.5 8 ALUM. W/G (AIR FILLED) LOW CW
l 3 17 104. 0 8 ALUM. W/G (HI DENSITY POLY) LOW CW
! 4 18 94.5 8 ALUM. W/G (HI DENSITY POLY) LOW CW
{
| 5 14 84.0 2 ALUM. W/G (SOLID POLYETHYLENE) | LOW CW
i
i 6 15 90. 5 2 ALUM. W/G (SOLID POLYETHYLENE) | LOW CW
: |
1 7 16 94.0 2 ALUM. W/G (SOLID POLYETHYLENE) | LOW CW
L B
{ 8 5 109.0 8 COAXIAL ISOLATOR I LOW CW
9 6 102.8 8 COAXIAL ISOLATOR ! LOW CW
: N S
3 10 15 90.5 8 COAXIAL CIRCULATOR CLOW  CW
| 11 18 94.5 1 COAXIAL CIRCULATOR HIGH PULSE
: |
§ 12 18 94.5 2 COAXIAL CIRCULATOR ' HIGH PULSE
|
;F_ eSS e = R S e TR R* ==
| 13 12 98.0 1 COAXIAL LIMITER . LOW CW
1 |
1
4 14 18 94.5 4 COAXIAL LIMITER LOW CW
; 15 15 90.5 1 COAXIAL LIMITER HIGH PULSED
NOTES: 1. WHERE THERE ARE TWO VALUES GIVEN, THE FIRST CORRESPONDS TO THE

HIGH POWER PULSE (PI) DELAYED ~ 200 ;: SECONDS AFTER THE SPR TRIGGER;
AND THE SECOND VALUE CORRESPONDS TO THE PULSE (P2) - 350 ;; SECONDS

AFTER THE SPR TRIGGER.

2. POSITIVE SIGNS INDICATED AN INCREASE IN POWER AT THE POINT OF
MEASUREMENT.

3. MONITOR: DETECTOR MONITORING THE INPUT SIGNAL LEVEL.
‘ VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE.
I RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THF I} VICE,

4, LOW CW, APPROXIMATELY 100 MILLIWATTS CW AT THE COMPONENT ' NDER
TEST. HIGH PULSED, APPROXIMATELY 5 KW AT THE COMPONENT UNDFR
TEST.

. SAME MAGNITUDEF OBSFRVEFD DURING BURST 13,




TABLE Il

UNDER 5.6 GC¢

RESULTS OF RADIATIC~ tNVIRONMENT TESTING OF ALUMINUM
AVEGUIDE, COAXIAL ISOLATOR, c:AXIAL CIRCULATOR, AND COAXIAL LIMITER
R-F HIGH AND LOW POWER CONDITIONS

5 0o 7 8 y w1 o1
COMPONENT UNDER TEST | . SIGNAL# | CRYSTAL CRYSTAL | VERTICAL | MAGNITUDE | MAGNITUDE | SIGNAL 3
> DETECTOR | SENSITIVITY GAIN OF OF
NO. MV/DB) MV,/CM) EFFECT EFFECT
Mv)1, 2 (pB)1, 2
ALUM. WG (AIR FILLED) CW 3 28 5 -10.2 -. 36 RETURN
ALUM. W G (AIR FILLED) W 3 160 5 -20. 3 -. 13 RETURN
ALUM. W G (HI DENSITY POLY) W 3 66 5 -13.5 ; .21 RETURN
ALUM. W, G (HI DENSITY POLY) W 3 60 5 -12.2 -. 20 RETURN
ALUM. W G (SOLID POLYETHYLENE) W 3 5 5 -3 -. 04 RETURN
! 3
ALUM. W ; (SOLID POLYETHYLENE) | CW 3 80 5 -3 -. 04 RETURN
ALUM. W G (SOLID POLYETHYLENE) W 3 100 5 -4 -.04 RETURN
COAXIAL ISOLATOR [ OW 3 42 5 -4.5 - 11  RETURN
COAXIAL 1SOLATOR l Cw 3 86 5 7.2 -.08 | RETURN
. T T T T o — e Rl ,,“ = e —
COAXIA! CICTULATOK ‘ W 12 100 5 2 0.02 ANTENNA
RETURN
COAXAL CIRCULATOK . PULSE 14 144, 101 100 +20,+20 +.14,+.20 MONITOR
COAXIAL CIRCULATOR PULSE 1 8,6 5 0.5,0.5 +0.06,+0.1 ANTENNA
} RETURN
| P e ererra st Py e Yo eiieie e tadie Pt dinbtailidirdarenon s oy
COAXIAL LIMITEE 3 Cw 6 364 20 -6.0 -.02* | RETURN
| |
COAXIAL LIMITER ‘ Cw i 13 62 5 -5.5 -. 09 RETURN
COAXIAT LIMITER ) DULSED 1 240 2000 +2600 +10 RETURN
- o - I 1 R T JEN SO U U

S GIVFN, THE FIRST CORRESPONDS TO 1
D 200 . SFECONDS AFTER THF SPR TR
SPONDS TO THE PULSE (P2) - 350 .+ SEC

NCREFASE IN POWFR AT THE POINT Ot

ING THE INPUT SIGNAL LEVE L.
RING THE VSWR OF THE DEVICE.
RING THE RFTURN SIGNAL FROM T'HE Dt

ATLLIWATTS CW AT THE COMPONENT U7
AATFIY 5 KW AT THE COMPONEXNT UNDY

RING BURKD T

R ARTET

4-13/14



TABLE 11, RESULTS UF RADIATION ENVIRONMENT TYESTING OF
OPERATING AT 5.6 GC AT HIGH AND LOW R-F POWER

HIGH PULSE 1

1 2 3 4 5 [3 7
IDENTIFICATION HURST | BURST ’ INPUT | COMPONENY  NDER TEST | DRIVING SIGNALA | URYSTAL
NO. ' NO, | siZE | No. | |  DETECTOR
‘ ey ! | | . NO
+ + - - - s - +
1 Sh 1090 f 6 T COAXIAl. I'PLEXER 1 LOW (W : 12
i | 1 ! !
1 z x |
2 6 ) 102.8 | 6 | fOLOW  Cw 1
: % 3 E |
| ] H |
i i i
3 o6 w028 1 10 ‘ I Low  ow 1
i | | i | | ;
| i | ! .
4 o7 ets |6 | LOW (W 12
i H N I
| | | | j
5 8 lwos 8 L Low  cw 12
| | ; ‘ | | ‘
6 8 | 1005 ‘ 10 | Low Cw Con
; i
| | | ‘
7 g . 935 | 1 [ HIGH PULSE 14
! ! 1 !
8 Cov D ess 2 | HIGH PULSE !
| | ! \ :
| | ! # |
9 o100 uLs 1 1 | HIGH PULSE 14
i i [ |
o 10 1nLs 2 COAXIAL UPLEXER {
|

NOTES: 1. WHERE THERE ARE TWO VALUES GIVEN, THE FiRST CORRESPONDS TO
THE HIGH POWER PULSE (P1) DELAYED -~ 200 ;. ~ECONDS AFTER THE
SPR TRIGGER; AND THE SECOND VAUUE CORRL!PONDS TO THE PULSE
(P2) ~ 350, SECONDS AFTER THE SPR TRIGGER.

POSITIVE SIGNS INDICATE AN INCREASE IN POW. 2 AT THE POINT OF
MEASUREMENT.

T

4. MONITOR: DETECTOR MONITORING THE INPUT IGNAL LEVEL.
VSWR: DETECTOR MONITORING VSWR OF TlHY DEVICE.
RETURN: DETECTOR MONITORING THE RETUR!. SIGNAL FROM THE

DEVICE.

1. LOW CW ., APPROXIMATELY 100 MILLIWATTS (W
HIGH PULSED, APPROXIMATELY 5KW PFAK.

!




TABLE 11}. RESULTS "ADIATION ENVIRONMENT TESTING OF THE COAXIAL DUPLEXER
OPERATING ~ 5.4 GC AT HIGH AND LOW R-F POWER CONDITIONS

; i 6 7 8 9 10 11 12
 liner S eln o OMPON N ©.T | DRIVING SIGNALY | CRYSTAL | CRYSTAL | VERTICAL | MAGNITUDE | MAGNITUDE | siGnaL3
g o ‘ DETECTOR | SENSITIVITY | GAIN | OF EFFECT | OF EFFFCT ! ‘
L ( | Mol MvoDm My oW wwb2 L pmle j
| o T P R
e , COAXIAL SE . LOW  CW S ! "8 oy . --07 | ANTENNA |
‘ 3 : | | | RETURN
i ! ! i | | :
f y CLOW  CW ! 12 ‘ 78 5 5.0 - 06 | ANTENNA |
; | : | RETURN i
; * ! |
o 1 CLOW W Cn ; 12 5! 2.8 | -.23 | RECEIVER |
| ! : | E $RETURN ;
| i ; l I I} :
- , Low  ow | 12 | 88 : 5 5.0 -.07 | ANTENNA
| ? ! | | . RETURN |
- Ny . LOW  CW i 12 : 73 ‘ 5 -5.1 ‘ -.07 | ANTENNA '
i | , ; y RETURN
| { : i ' ; :
. o LOW  CW g 11 15 i 50 -0 -0.2 i RECEIVER '
l ; ! ; . RETURN |
3 | ; : ? %
~. | HIGH PULSE | 14 160,180 | 100 t -4, -26 - 15.-14 | MONITOR
. ~  HIGH PULSE | 1 96,107 100 ot ‘ +06 | ANTENNA
| ‘ : :  RETURN
. ! ! ;
i : . HIGH PULSE | U4 178,194 100 ' 2,34 -16,-18  MONITOR |
COANIAL Cuie HIGH  PULSE | 1 142, 148 100 16,16 -i1,- 11 | ANTENNA |
| | ; ~ : | RETURN
b l ' 1 ; !
/e
HELE AL MO VALUES GIVEN, THE I ORRESPONDS TO
POWER DT LSE (P DFLAYED 200 . .08 AFTER THE
GEI: AND PHE SFCOND VAUUE CORRE. 1O THE PULSE
SEFCONTS AFTFR HE SPR TRIGGER.
SIGNS TN VT AN NG REASE IN DOW P HE POINT OF
ME
PR PO ol MONTTORING THE INPUT A SR S
CETTCTOR MONTTORING VSWR OF 1 T
Dl e TOR MONITORING THE RETI R O EROM OTHE
LN (I
AP ONIN TR e AT M AT T
SED v b aNIN A A DR AKL
( LRW DEAK 4-15/16




TABLE IV, RESULTS OF RADIATION ENVIRONMENT TES'
CIRCULATOR AND A WAVEGUIDE PHASE-SHIFT TYPE
5.6 Gc R-F HIGH AND LOW POWER CONDITI

1 2 3 4 5 6 L it
IDENTIFICATION | BURST | BURST | INPUT | COMPOMENT UNDER TEsT ward | CRYSTAL
r NO. NO. SIZE NO. DRIVING SIGNAL"™ | pprperon
<) NO.
AU U S _— S o
1 5 109. 0 4 W ‘G CIRCULATOR LOW cw 13
2 6 102. 8 4 LOW  CW 1$
3 9 93.5 4 1LOW CwW ! K
H i
: {
; 4 9 93.5 11 LOW  CW 6
|
i 5 10 11.5 4 oW CW 13
i '
j 6 1 95.0 1 . HIGH  PULSE | 14
1 .
{ 7 11 95.0 2 | HIGH  PULSE 1
I
; 8 12 98.0 1 ' HIGR  PULSE 14
’, 9 12 98.0 2 . HIGH  PULSE 1
| 10 13 96. 5 1  HIGH  PULSE 14
1 13 96.5 2 " HIGH  PULSE 1
‘ 12 14 84.0 4 LOW cwW 2
| ‘
| 13 15 90.5 4 LOW cw 2
! ‘
14 |16 94 0 4 LOW cw 2
’ 15 17 104. 0 3 " Low cwW ; 7
i I
f 16 17 104.0 4 LOW  Cw f 2
; |
‘ 17 17 104. l I ' W G CIRCULATOR LOW cwW b
NOTE: 1 WHERE TWO VALUES ARE GIVEN, THE FIRST CORRESPONDS TO THE HIGH POWER

PULSE (P1) DELAYED ~200 . SECONDS AFTER THE SPR TRIGGER; AND THE SECOND
VALUE CORRESPONDS TO THE PULSE (P2) ~350, SECONDS AFTER THi SPR TRIGGER.

2 POSITIVE SIGNS INDICATE AN INCREASE IN POWER AT THE POINT OF MEASUREMENT

3 MONITOR: DETECTOR MONITORING THE INPUT SIGNAL
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE DI.VICE

4 LOW CW, APPROXIMATELY 100 MILLIWATTS CW. HIGH PUISED, AP ROXIMATFLY
5KW PEAK




TABLE Y,

5.6 Gc R-F HIGH
| 5
hmvr ! COMPONENT UNDER TEST
Nu!

1+ % GCIRCULATOR

i WG CIRCULATOR

N, it FIRST CORRESPONDS TO THE HI0
LCONDS AFTER THE SPR TRIGGER; AND ©
PULSE (1 350, SECONDS AFTER THE
INCIEASE 1N POWER AT THE POINT OF M
PRING THE 'NPUT SIGNAL

JG: TH{E VsWIt OF THE DEVICE

RINC. (IR PETURN SIGNAL FROM THE DI

0 Mil WA Ty CW HIGH PULSED, APPI

RESULTS OF R4
CIRCULATOR AND A W

1TON ENVIRONMENT TESTING OF A WAVEGUIDE

<0 LOW POWIER CONDITIONS (SHEET 1)

o
'

G SIGNAL4

cw
Cw
W
CW
v Cw
PULSE
il PULSE
" PULSE
H PULSE
[ PULSE
a PULSE
4 CwW
A CwW
g Cw
) Cw
v Cw
v cw
SOWER
SECOND
- TRIGGER.
'FMENT
AR TRLY

—— e

7 8
‘CRYSTAL | CRYSTAL
DETECTOR | SENSITIVITY

NO. (MV DB)
13 90
13 96
13 98

6 -
13 111
14 157, 174
1 50,218
14 156, 160
1 56, 46
14 196, 193
1 54,59
2 78

|

2 ! 86
2 95
7 8
2 92
6 -

-sGUIDE PHASE-SHIFT TYPE DUPLEXER UNDER

R
9 10 11 12
S R S o
VERTICAI MAGNITUDE MAGNITUDE 3
GAIN OF OF SIGNAL
(MV CM) EFFECT EFFECT
M), 2 (DB)1, 2
[ SR et
5 -14.5 -. 16 ANTENNA
RETURN
10 -14.6 -.15 ANTENNA
RETURN
5 -11.9 - 12 ANTENNA
RETURN
10 -3.4 - VSWR
5 -16.9 - 15 ANTENNA
RETURN
100 -6, -6 -.04,-.03 MONITOR
20 +5.2,+5.2 +. 10, +. 02 ANTENNA
RETURN
100 -4, -4 -.€3,-.03 MONITOR
50 -6, -5 - 11, -, 11 ANTENNA
RETURN
100 -4, +4 -. 02, +.02 MONITOR
50 -4, - 01, ANTENNA
RETURN
5 -7 -. 09 ANTENNA
PETURN
5 -8.5 - 10 ANTENNA
RETURN
5 -10.6 - 11 ANTENNA
RETURN
5 -5.0 -. 06 MONITOR
|
5 I -H.0 -. 15 ANTENNA
* RETURN
10 -4.0 VSWR

[

4-17/18



TABLE IV. RESULTS OF RAC|ATION ENVIRONMENT TESTI
CIRCULATOR AND A WAVEGUIDE PHASE-SHIFT TYPE
5.6 Gc R-F HIGH A4D LOW POWER CONDITIO

1 3 4 5 ﬁ [ '7
TS SN S S SN , N
[ |DENTIFICATION ' BUKRST | BURST | INPUT [ coMpONENT UNDER TEST L VING SIGNAL® | CRYSTAL |
{ NO. NO. SIZE NO. ! DETECTOR |
{ (‘C) NO |
| ! ;
S NI AU UPNUR S——— e S N S
T 18 1 9. 5 10 W G DUPLEXER . oW 19
| 19 s | g0 6 | Y cw 12
! |
! 20 2 96.0 10 I W oW 15
| 21 3 105. 5 6 L ew CW 12
|
j 22 | 3 105. 5 10 (W CwW 15
|
! |
f 23 4 106. 2 6 boow CW 12
.‘ 24 | 4 106. 2 10 L oW CW 15
, !
i | | :
25 i 5 109. 0 1 8 1 PULSE 8
| 26 ! 5 109. 0 2 | HIGH PULSE 1
!
:_ 27 6 102. 8 1 ~MIGH PULSE d
4‘ 28 | 6 102. 8 2 CIGH PULSE 1
i H H
1 .
; 29 7 97.5 1 SIGH PULSE 8
' 30 7 97.5 2 . GH PULSE t
{
31 8 100. 5 1 .~ :liH  PULSE 8
32 8 100. 5 ) 1H PULSE 1
1 33 y 93 5 6 COwW cwW : 12
| j !
34 10 | 1urs 6 oW CW 12
| j |
' 35 11 ‘{ 95 0 8 . OW CwW 3
|
it 12 98 8 W G DUPLEXER R cw 3
Lo L o .

WHERE TWO VALUFb ARE (:IVEN THE F'IRbT CORRESPONDS TO THL Hl( v X’OWER
PULSE (P1) DELAYED ~ 200 ;. SE,CONDS AFTER THE SPR TRIGGER; AND Tt K S£COND
VALUE CORRESPONDS TO THE PULSE (P2) ~ 350 ;. SECONDS AFTER THY . 'R TRIGGER.

2 POSITIVE SIGNS INDICATE AN INCREASE IN POWER AT THE POINT OF ht SUREMENT.

4. MONITOR: DETECTOR MONITORING THE INPUT SIGNAL
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE in.v " 'E .

NOTE

—

4 LOW CW, APPROXIMATFLY 100 MILLIWATTS CW. HIGH PULSED, APPRC.MATELY
SKEW PEAK




TRBLE IV, RESULTS OF RAD!
CIRCULATOR AND A Wa
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fll Vi Tt S RE DAY PROM

: eNVIRONMENT TESTING OF A WAVIGUIDE

OF PHASE-SHIFT TYPE DUPLEXER UNDER
W POWER CONDITIONS (SHEET 2)

i '\1,4

W

CUISE
JiLSE

Sk
T 1SE

P ULSE
O LSk

:
e

f
i

7 8
FRYSTAL CRYSTAL
! DETECTOR | SENSITIVITY
NO. (MV ‘DB)
15 30
12 108 !
15 73
12 107
15 60
12 100
15 66
8 220, 226
1 180, 170
8 200, 212
1 156, 148
8 182, 206
1 145, 137
8 186, 190
1 96, 104
12 73
12 83
3 76
3 52

10 11 12
VERTICAL | MAGNITUDE | MAGNITUDE SIGNALS |
GAIN oF OF
{(MV CM) EFFECT EFFECT
N M, 2 __oBh?
5 -19.8 . 86 RECEIVER
RETURN
5 15,1 - 14 ANTENNA
RETURN
10 -38.0 - 52 RECEIVER
RETURN
10 =220 - 21 ANTENNA
RETURN
10 -30.0 -. 50 RECEIVER
RETURN
10 -22.0 - 22 ANTENNA
RETURN
10 -34.0 - 52 RECEIVER
RETURN
100 +20, 220 +0.1, +0. 1 MONITOR
100 -18, -10 -.09, -.09 ANTENNA
RETURN
100 +20, 122 +. 10, +.10 MONITOR
100 ~22, -22 - 14, - 15 ANTENNA
RETURN
100 +18, +20 + 10, +.10 MONITOR
100 <16, -10 - 11, -.017 -~ ITENNA
RETURN
100 +30, +38 +. 16, +.20 MONITOR
100 | 15 -16 - 15, - 15 ANTENNA
| RETURN
5 S Sl 16 ANTENNA
k RETURN
A D159 S ANTENNA
‘ RETURN
1
) ; 12 0 - 15 ANTENNA
i RETURN
5 Lo 24 ANTENNA
| RETURN B

1

4-19/20




TARBLE V. SPRF BURST DAT'A FOIz THE FIF " SPERRY MICROWAVE
ELECTRONICS COMPANY FXPERINV . NTAL TESTS

. T N e
1 S0P LT | SALE.C | | i Torr A
[ BURS | BURST * ; ? O,
Y | N0, 1 LA O N T R C S (PN
i : SR y l ; !
! i i | B |
S I I t . { 1y + . Gy | T 16
l | ! ! v i i.7n N0
{ | ‘ ! 1 !
P i ‘ Lo P ‘ N PR (O
: | ) i
1 ) f | .
) I : i
‘} R f : ! e 1 HR ! i oy ’.Hl
, i i H ! )
i {
! 10 l I . ? e .. i . 1t
; 2o | ) i i -t [NAID | el . f,an s o
! ! | ‘
' ; ! ; ;
: by ‘ ) ‘ i ¢ [ © (LI f [T NN ‘Ml“ !
; ‘ ; !
Gy ! - o
N l i IR e, = I 1.~7 1o f
, ‘ 1
o I L i
[ i ) -t ‘ byt : vy : by I i
| . : - j
| . [ © v BT f Tosi ll‘l ,
‘ ‘ , t l
! ' : . | \o
i “ T et ! ' : < , ! i ,n\lnl’ :
: i | |
| i ! i
‘ , . e
i ' A ; Db ! TR } T é S0 du t
i ; |
: ' ' Tt !
¢ - h ! { DT { 1L 1o |
i i !
y ! ! teo
! | - : ) ' ! AN Y] ;
: ! o
“ ; Loy ! T o
! :
T, i [eitn R ' AN }U“' ,(‘
‘ | |
‘ 1 ! i 1, |
| | ' ] T i ot v ‘
! : |
; ' |
f bt : ' i’ “ 1 i | AN |u“ ?
! ’ l
! ty i ! ¢ [ T i ST ]uil' ‘
' } ’ |
f ) : oo
i , P | ' | 10 ! e e
| ! ‘ !
: ! : &
i | v ( oty H
| i ; f
] [ '
| ' | 5 ; ' . ' i R 1t ‘ ;
- - e ! R i Ao i 2




¢ Under the same conditions, the average transient decrease in
signal level passing through the adapters using polyethylene
beads was less than 0.2 db or approsimately twice that of the
Rexolite beads.

¢ No significantly different results were observed when operating
under high pulsed r-f power conditions.

Aluminum Waveguide Sections. A one-foot aluminum wavepuide section

(using waveguide~to-coaxial adapters, Rexolite beads), air filled, solid polyethylene
filled, and high density polyfoam filled, was evaluated at low power. Using the same
adapters, the average transient decrease in signal level through the air filled and
high density polyfoam filled waveguide was approximately the same at 0.2 db. The
solid dielectric polyethylene reduced the observed effects to 0.04 db. The data are

tabulated in Table II.

Coaxial Isolator, The data in Table II conclude that the average transient

increase in insertion loss of the coaxial isolators tested is 0.1 db at low power and
5.6 Ge. This is a value somewhat higher than the 0.02 db reported in the Sixth

Quarterly Report.6

Coaxial Circulator. The coaxial circulator, according to Table II, exhibited

an average transient increase in insertion loss of 0.02 db. This is in good agreement
with data previously taken on this component. The tests were performed at approxi-
mately 100 mulliwatts at 5.6 Ge.  No significant transient effects were observed while

the component was operating under high power.

Coaxial Limiter. The following conclusions were reached from Table 11 re-

varding the coaxial limiter tests:

e The average transient increase in the insertion loss of the
coaxial limiter operating at approximately 100 milliwatts was
0.02 db. (This is in good agreement with previous data.)

¢ The averapge transient decrease in the insertion loss, i, e. .,

increase in the signal from the coaxial limiter operating at

approximately 5 Kw, was greater than 10 db,
When operating at low power, the coaxial limiter is operating below the threshold
limiting level: therefore, at this power level, it may be expected to show an increase
in sertion loss due to 1onization which the tests substantiated.  When the limiter was
operated at 5 Kw, however, the limiter is operating above the limiting threshold. It
15 reasonable to assume that the pulsed radiation on the component may deteriorate

the limiting action,  The tests indicated that the limiting action of the device was
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temporarily deteriorated to a great extent upon exposure to radiation while operating

at high power levels.

A full explanation of cause of the large transient effects observed in the
limiter are not presently formulated. As mentioned previously in Section 4. 1. 8, both
limiters tested at the SPRF apparently were in a non-operating condition even at low
power just after the high power r-f tests in the pulsed radiation environment.

These limiters were rechecked at low and high r-{ power (no radiation
environment) approximately two months later and seem to be in normal operating
conditions.  The typical measured op~rating characteristics at low power are shown
1 Figure 19,

The limiter exhibited apparent normal operating characteristics at high power
1 these tests two months after evaluation in the radiation environment. The limiting
characteristics are depicted in Figure 20. Examination of the structure revealed no

evidence of r-f arcing.

kl. b Ge BIRINE OL800 G
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Ficure 19, Low power characteristics of gyromagnetic coupling
Limiter, Serial No, 1, approximately two months after

pulsed radiation tests,




Since radiation damage thresholds in ferrimagnetic ceramic materials have
been measured to be quite high (approximately 1‘020 neutrons mn?‘), the observed effects
are not attributed to changes in the characteristics of the single erystal yttrium iron
garnet material used in the limiter.

The limiter is a fine tuned device as shown in Figure 19, Any changes in the
magnetie biasing field strongly affects the r-f signal coupled through the limiter, It is
expected though that any changes of this type (similar effects would be noted as a function
ol temperature) would reduce the output signal of the limiter. However, any signal changes
due to alterations in the magnetic biasing field should occeur at both high and low power.

The fimiter is composed of two crossed, very narvow strips between which the
r-f energy is coupled by a small (0.023" diameter O. D.) single crystal sphere of yitrium
iron garnet magnetically biased to ferrimagnetic resonance at the operating frequency.
Normally, all of the r-f energy passing from the input strip to the output strip must be
coupled through the sphere.  The sphere is encapsulated in a teflon holder which also
spaces the strips approximately 0.030" apart. The radiation test data indicate that during
the nucelear burst, cnergy is coupled directly from strip to strip, bypassing the yttrium
iron garnet coupling sphere.  In other terms, the dynanue range (limiting range) of the
limiter seems to decrease. However, no pulse radiation data have been collected be-
tween the 100 milliwatt r-f power level and the 5 Kw level to verify this.

The apparent permanent damage and then recovery is somewhat puzzling unless

the characteristics of the teflon sphere holder and spacer are temporarily altered
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Ficure 20, Limmting characteristic= o coextal miters taken approsi-
mately two mionths after pulscd radiation tests,




due to the radiation. However, evidence of any effects such as this should also have
been observed in low r-{ power experiments.  Low power tests have always indicated
very small transient eftects.  The coincidence of the high r-I peak power and the

pulsed nuelear radiation seems necessary to produce the undesirable operating char-

acteristices.

Redesign of the limiter structure itsell may be required to eliminate the ob-

served transient effects ut high r-f power,

Coaxial Duplexer -Limiter.  The following conclusions are offered from the
data of Table OT concerning the coaxial duplexer tested:
* The average transient increase in insertion loss of the

coaxial duplexer operating at approximately 100 milliwatts
was 0.07 db (in agreement with previous results).

¢ The average transient decrease in the signal level from
the receiver port of the coaxial duplexer operating at
approximately 100 milliwatts was 0.2 db,

* The average transient decrease in insertion loss of the
coaxial duplexer operating at approximately 5 Kw was less
than 0.2 db tor P1 or P2,
The level of the signal from the receiver port (through gyromagnetic coupling
Limiter) did not increase as noted tor the individual tests on the limiter because of the
low level of the r-f signal incident at the limiter. This port is isolated by approxi-

nuately 30 db trom the input signal.

Waveguide Junction Cireulator.  The duta in Table IV regarding the waveguide

crreulator idicate the tollowmg conclusions:

* The average transient increase in the insertion loss of
the waveguide circulator operating approximately 100 milli-
witts at 5.6 Ge was 0. 13 db (approximately twice that re-
ported in the Sixth Quarterly Report).

e  The average transient increase in the insertion loss of the
wavegulde circulator operating at approximately 5 Kw at
5.6 Ge was less than 0.1 db (approximately the same as
at low power),

e No spanificant chanees were observed in the signal level
trom the receiver port. (See Figure 9.)

Wavecuide Intterential Phase Shift Duplexer. Followiny, are the conclusions

reached fromm the data of Table TV on the waveguide duplexer:

o  The average transient merease in insertion loss (antenua
return) of the waveguide duplexer operating at low power
(approxumately 100 milliwatts) at 5.6 Ge was less than 0.2 db.




e The average transient decrease in isolation (receiver return)
of the waveguide duplexer operating at low power (approxi-
mately 100 milliwatts cw) at 5.6 Gc was 0.5 db.

* The average transient increase in the insertion loss (antenna
return) of the waveguide duplexer operating at approximately
5 Kw peak at 5.6 Gc was less than 0, 25 db (essentially the
same as observed at low power).
The transient efftects observed for both the waveguide circulator and wave-
guide duplexer are near the magnitude observed for the adapters as reported pre-
viously. A waveguide-to-coaxial adapter is required on each port of these components

when performing tests at the SPRF.
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4.3 DOSIMETRY

The burst magnitude data provided by the SPRF personnel at the time of the
experiments are summarized in Table V. The change in bulk reactor temperature
during the burst is given with the total number of fissions which occurred during the

. o Lo
burst. The latter parameter is calculated by means of the following relation:
Total number of fissions = -S—3-—=1_ x 10

The dosimetry support given by the Sandia Corporation Nuclear Measurements
and Dosimetry Section consisted of the following:

(a)  Four sulfur pellets per burst to measure the integrated
neutron (En > 3.00 Mev) flux at each component.

(b)  One or two each per day of pultoniuin, neptunium, and
uranium fission foils enclosed in a boron ball to measure
the mtegral neutron fluxes where

En > 0,01 Mev for Pu threshold
En > 0.7 Mev for Np threshold

En > 1.5 Mev for U threshold

(¢} Two gold foils for each burst. one of which was cadmium
covered, to measure the integrated neutron (En > 0.4 ev)
flux.

(d)  One glass rod (in lithium cylinders) per burst to measure

the integrated ¥-ray dose in rads H,O. (In this definition

1 rad is the amount of ¥ radiation nécessary to produce a

100 erg/pram energy absorption rate in water. )
One to two sets of tission foils (item b) were used per day of testing. The En > 0.01
Mev, En > 0.7 Mev and En > 1.5 Mev integral fluxes for the other bursts obtained
that day may be determined from the values measured during the burst in which the

T T e e —— = Holls were present-by-interpohation provided the-total mass surrounding the reactor-is — - -

not changed appreciably. A ratio of burst to burst integral fluxes (En > 3.0 Mev). as
measured by the sultur pellets, may be used to caleulate the equivalent fission foil
fluxes for the other bursts obtamed during the day.  This proecedure was suggested by

SPRF personnel. 8
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To obtain the maximum dose rates from the integral quantities reported by
the Nuclear Measurements and Dosimetry Section, the following procedure9 was
followed. The reactor period associated with the burst is denoted by T. The width
of the neutron pulse at one-half maximum, Tw. is given by Tw = 2.86T. Fora
50- microsecond wide pulse, the period is 1,75 x 10'5 seconds or 17. 5 micro-
seconds. The reciprocal reactor period @ = 1,/T is 5.72 x 10‘4 sec -1. The ratio

of peak fission rate to total fissions is

Fnm_\' -
Ftot al E)

1.43 x 104‘/second for a 50 u sec pulse,

The neutron flux above 3.0 Mev is measured by sulfur pellets, which is
about 14. 5 percent of the total flux above 10°Kev, The first collision tissue dose is
related to the sulfur flux by Dn = 1.66 x 10'8¢S. About 80 percent of the total
neutron dose is delivered during the prompt critical burst and the remaining 20 per-
cent during the delayed critical portion of the burst.

Approximately 75 percent of the total gamma dose is delivered durmg the
prompt critical burst, and the total gamma dose 1s approximately 10 percent of the
2‘1)n /T, where

Dn is the total neutron dose delivered during the burst and T is the reactor period.

total neutron dose. The peak gamma dose rate then becomes 1.9 x 10°

The results of these type calculations giving dose rates along with the integral doses,

where available. are given in Table VI (which appears at the end of this section).

4.4 SUMMARY OF RESULTS

Table VI presents a summary of all the radiation transient effects observed
together with the dusimetry report (magnitude of radiation burst) for each component

tested.
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SYMBOL DEFINITIONS FOR TALLF VI

wm
]

DIFFERENCE BETWEEN CENTER OF RADIATION BURST AND
CENTER OF P1 (MICROSECONDS)

INTEGRATED NEUTRON FLUX 3.0 Mev (NEUTRONS, cm?)

m bt
=)

=
S e

" "

INTEGRAL NEUTRON FLUX 1.5 Mev (NEUTRONS/ cmz)‘

INTEGRAL NEUTRON FLUX 0.7 Mev (N’EUTRONS/'cmz)

K]

e
>
4

T e ceiecies oo o E .01 = INTEGRAL usumouswxﬁ.m.m;(uumhmz)

D, = FIRST COLLISION TISSUE DOSE OF NEUTRONS (RADS)
- 1.66x10°8 E,, WHERE 1,66 x 1078 1S AN EMPIRICAL NUMBER
T, = RADIATION PULSE WIDTH AT ONE-HALF MAXIMUM OBTAINED
FROM SPRF PHOTOGRAPH (SECONDS) e _ _
1, 1
T = REACTOR PERIOD = 5 Ty, WHERE 35 IS AN EMPIRICAL
NUMBER (SEC.)
R = RATIO OF PEAK NEUTRON FISSJON RATE TO THE TOTAL NEUTRON
FISSIONS = th T - ST
D . = INTEGRATED GAMMA DOSE (RADS)
D, = PEAK GAMMA DOSE RATE (RADS/SEC.)

NOTES:

\  Hipulsed ~ Skw
‘| Low cw ~ 100 milliwatts

** Positive sign indicates the center of the radiation burst was ahead
of the center of P1,

* Power level delivered to the component under test

e EnO. 01 was calculated assuming E g = 0745 E 000K




1 2 3 4 5
INTEGRATED
BURST COMPONENT POWER g NEUTRON FLUX
NUMBER EXPOSED LEVEL* (MICROSECONDS) Ens
INEUTRONS, ciu?)
1 W/G TO COAXIAL ADAPTER #1 HI PULSED 0 1 05 x 1012
{REXOLITE BEAD) ‘
W/G TO COAXIAL ADAPTER #3 LOW CW 1. 36 x 1012
(REXOLITE BEAD)
RADIATION BURST AND W/G TO COAXIAL ADAPTER #4 LOW CW 145 x 1012
(REXOLITE BEAD)
) W/G DUPLEXER LOW CW 175 x 1012
ev (NEUTRONS em”) .
2 2 W/G TO COAXIAL ADAPTER *#1 HI PULSED 0 555« 1ol
(NEUTRONS ‘¢m*) (REXOLITE BEAD) )
R W/G TO COAXIAL ADAPTER #3 LOW CW 1,28 x 1012
e e e e - (REXOLITE BEAD} B )
W/G TO COAXIAL ADAPTER #4 LOW CW 17N 1012
(REXOLITE BEAD) s
w £U 3
(N’EUTRONS-cmz) /G DUPLEXER LOW CW 16U % LU
2
NEUTRONS cm™) . — .3, .W/G.TO COAXIAL ADAPTER #1 _.__._ _ _HLPULSED_ .| __.. _ 15 _._ eo17 x 108!
(POLYETHYLENE BEAD) ,
UTRONS (RADS) W/G TO COAXIAL ADAPTER #3 LOW CW 111y 10i2
‘ (POLYETHYLENE BEAD)
AN EMPIRICAL NUMBER W/G TC COAXIAL ADAPTER #4 LOW CW 110 x 1012
. (POLYETHYLENE BEAD)
LF MAXIMUM OBTAINED WG DUPLEXER LOW CW 1,91 » 1012
E 3§ 1S AN EMPIRICAL 4 W/G TO COAXIAL ADAPTER #1 HI PULSED +20 ;55 s 10ll
(POLYETHYLENE BEAD) ,
W/G TO COAXIAL ADAPTER #3 LOW CW 11w 1012
TE TO THE TOTAL NEUTRON (POLYETHYLENE BEAD) _
o o W/G TO COAXIAL ADAPTER +4  LOW CW 121« 1012
(POLYETHYLENE BEAD)
W/G DUPLEXER LOW CW 1.n4 x 1012
.) 5 W/G DUPLEXER HI PULSED +20 173 x 1012
W/G CIRCULATOR LOW CW 2,05 x 1012
COAXIAL DUPLEXER LOW CW 143 % 1013
nent under tesy | Hipulsed ~ 5kw COAXIAL ISOLATOR LOW CW 143 x 10
‘ j Low cw ~ 100 milliwatts _ 12
of the radiation burst was ahead 6 W/G DUPLEXER HI PULSED 0 1.52 x 10
W/G CIRCULATOR LOW CW 1. 38 x 1012
ng——0-145-E-0:04 COAXIALDUPLEXER | 1OWCW f214x 1012
COAXIAL ISOLATOR LOW CW 1.38 x 1012
7 W/G DUPLEXER HI PULSED 0 1. 55 x 1012
COAXIAL DUPLEXER LOW CW 9. 12 x 1012
8 W/G DUPLEXER HI PULSED 0 1,67 x 1012
,...—.M‘-Q‘
COAXIAL DUPLEXER | LOW CW y 08 1012

P




POWER
LEVEL"®

HI PULSED

LOW CW
LOW CW
LOW CW
HI PULSED
LOW CW
LOW CwW

LOW CW

I PULSED
LOW CwW
LOW CW

LOW (W

HI PULSED
LOW CW
LOW CW

LOW CW

HI PULSED
LOW CW
LOW CW
LOW CW
HI PULSED

LOW CWwW

LOW CW
HI PULSED
L LOW CW

HI PULSED

LOW (W

-

TLOW CW ™ 1

ar

AOROSES O

TABLE VI. NEUTRON AND 7 -RAY DOSIMETRY PROViDING INTEGRAL DOSE AND DOSE RA

5 6 7 8 9
INTEGRATED | INTEGRATED NEUTRON FLUX (BORON BALL) INTEGRATED NEUT. - X
NEUTRON FLUX (NEUTRONS: cm?) FLUX **+
E, _— ———-—1 E; 0.01 (CALCUL: ;-
(NEUTRONS, cm?) Ep L5 Ep 0.6 Ep 0. 01 (NEUTRONS ¢/
1. 05 x 1012 2,25 x 1012 4.44 x 1012 6.32x 1012 | 7.24 x 107
1.36 x 1012 | | 9.38 x 104"
1.35 x 1012 i | 9.31 x 17
H i
1.65 x 1012 i 4 114 5 1014
i
6.59 x 1011 : | 4.54 x 101¢
i } o
1.28 x 1012 ! } | 8.83 « 1017
i 1
1. 67 x 1012 | ' ‘ 1. 15 x 1013
1. 60 x 1012 ‘ | \ 110 x 10
‘ |
! l
6.17 x 10!} ] 4.26 x 101°
i | i .
1. 11 x 1012 ! i i 7.66 x 10'*
L1ox1012 ! | 7.59 x 1017
I | 1 .
1.91x 1012 | | ‘ | 1.31 x 101?
| | |
| | B
5. 55 x 1011 ‘; 3.83 x 1017
111 x 1012 ; ' 7.66 x 101°
1.21 x 1012 ; i | 8.35 x 1017
1 {
1. 64 x 1012 1 ‘ 1.13 x 10"
| | |
1.73 x 1012 2.62x 1012 470« 10!2 6. 56 x 1012 i 1.19 x 1089
2.05 x wig : | 141 x 101
. ) : 1t ?
Lagx10i? | 9.86 x 10}
1.43x 10 | i 9.86 x 1012
1.52 x 1012 ; ! 1.05 x 1012
1.38 x 1032 | f ; 9. 52 x 1044
B R B L B 1. 48 x 1013
i }
1. 38 x 1012 ; f 9.52 x 1ol?
1s5x 102 | ’ 1.07 x 1019
2.12 x 1012 [ i , 146 5 1018
1. 67 x 1012 1 ‘ K 115 x 1014
| 1 _
2.08 x 1012 | ; 143 x 1043
[ ; — 1

TO THE MICROWAVECOMPONENTS AND THE OBSE

: 0 o1
. NEUTRON | o ap
. TISSUE | gy
DOSE Dn | ¢ '(sEC.)
(RADSY | V¥
1.74x 104 | 11x108
]
Co226x10% | 4rx 1078
| o2.24x 104 } 41 x 10-8
1
|
2.74x10% | 41x10°C
Lo9x 0% | 10x10°°
212108 | 40x107"
2.77x 104 | 40x10-Y
2.66 x 104 | 40x10°Y
i
1.o2x10 | 40x10°F
Leax10t | g0x108
i
© 83 x 10 1 40 x 1076
3,17 x 10 | 40x10-9
|
9.21 x 103 41 x 10-9
1. 64 x 104 41 x 10-6
2.01x 10f | a1x10676
2 72x10% 0 41 v107"
2.87x 101 | 42x10-%
3.40x 108 | 42x1070
2.37 x 104 42 x 10-6
2.87x 104 1 42 x 10~0
2,50 Sl g xa0e6
229 x rod | d41x10°8
3.55% 104 1 41x10°%
po229x 10t | a1 s 1078
L o257 x 108 49 x 10-%
[ 3.52x 16t | 49x 106
|
2Ty 10t | 4551078
| ,
| 3.45x10t | 43x107®
|
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TRY PROVIL - fGRALDOSE AND DOSERATE EXPOSURES

PONENTS A ~rSERVED EFFECTS (SHEET1)
R S — v - - T 'T'" N N z - r . - - - " - - -
9 1 T‘ 12 i 13 ! 14 : 1n , 16 |
ED NEUTRO! T, — . | FEAK INCIDENT (NTHGRATED  PFAK INCIDENT |
UX #4+ L “;‘uﬁl‘; Rlﬁ‘&%g?)n | R ‘ NEITRON FLUX S uAMMA GAMMA 1 RADIATION
ALCULATED . poSECH . TsEC.; | (LSEC i REp 0.0L(CAICULATED)  DOSE D, DOSE Dyy ! ARATIY
RONS, cm?2) W Sl . (NEUTRONS c¢m? SFC. 1RADSY ' {RADS SEC.) i
A T | + JR R A, o
- . ~ ! Lo . - . : .
24 x 1012 A R AR UL B WY LR 1t 1275 1le REREINS Tt 2,28 x 107 | 0.04 DB INCREASE [N MON
, ! . . . . | 0.04 DB DECREASE IN INSE
x 1012 B N (T E A AN (S B AN TV RN Y MERCGES TR 297 & 107 i 0.09 DB INCREASE IN INSE
. . ! . ‘ . | 0.03 DB INCREASE [N VSW1
x 1012 S S (L AR E S S (U N N A G E S UL IWIERS T RRTE N TR 294 x 107 0. 23 DB INCREASE IN INSE
' 0
% 1013 , . ; 4 . ‘ . ) ;
S BN IO E I S RIS B KIS () 200w ol R AR 3,50 ¢ 107 S et DHEEINERE NS N e
x 1012 Lo 1 . . ‘ -
w1078 1 11.0x 1078 I 1.79 x 104 d.13 % 1010 2 ray 1? 146 8 107 0. 05 DB DECREASE IN MO}
3% 1017 . o . ‘ . . 0. 18 DB INCREASE IN INSE
St gox10t j14.0x106 1 179 x 10% 158 % 1017 Pooasx el 2 85 x 107 { 0.07 DB INCREASE IN INSE
5 x 1013 ( o ? . ‘ ‘ . |
G gox107t Taaoxi10-6 0 179 x 0t 2,06 x 1917 RS (1L 3,72 % 107 0. 11 BB INCREASE IN INSE
. 13 : I ; !
X 10 . Lot | . . , - '
- sa 107 140 x 1076 1.79 x 104 197y 1ld I RN A 357 107 ' .14 DB INCREASE IN INSE
' | ‘ !
‘ , . 0.52 DB INCREASE IN 1501
1012 :
x 10 . o ! . . - i
N N A E U (L B O S (VI 763 v 1010 Corawd LT 1 i 0.05 DB DECREASE IN INSI
Do )2
X 10 . , I . - . ' ~ '
Towewt tasox10h | L IR b an A wlbd T S [V A C N (VI ~0.07 DB INCREASE IN INSE
9x 1012 o ! ! . ! o ! 0.02 DB INCREASE IN VSW
s 10 P10 1078 0 79 xo10% 1,36 8 1017 oot 2iaex0? © 0.26 DB INCREASE IN INSE
13 ' i !
s 10 ) ) ! . } ) i ‘
ds 19f 0N 1078 1 79«10t 2 458 tol7 SRR RENS UL 1,26 ¢ 107 ' 0.21 DB INCREASE IN INSE
, ! | ‘ 0. 50 DB INCREASE IN 1801
10te ' o ‘ ‘ o ‘ ‘
12 SN LS E O IS LU W RS (i TN LR S I TVANDYIE B 53 SN | NO CALIBRATION ON ADA
<10 [ ! 3 . ; ] : i ;
' G aiaaet D iaaa et o Ls ot 134y 1087 BN 103 2042 %107 ' 0.10 DB INCREASE IN IN~}
35 1012 o l ‘. . ! o ) | 0.03 DB INCREASE IN VSW
N (T U IO V1o LI W N (VL 1,46\ 107 s aed T 264 x 107 0. 28 DB INCREASE IN INSE
. 13 ! | | ,
v U P . | - . -
s a0 T Lot IR I RS s 357 8 107 0. 22 DB INCREASE IN INSE
i u. 52 DB INCREASE IN 1801
13 | ! i ‘
U ‘ ‘ . ‘ - ;
. TN I D el S UL (AN T RN THL R EAN I 3668 10" i NO CALIBRATION ON MON
L 10t ; . ‘ ) ) | 0.09 DB INCREASE IN INSE
v 1ul2 Aot o 4 Tx 106 0 L0 x10d 2,40 v 1017 SRR 434 x 107 | 0.16 DB INCREASE IN INSF
86\ 1012 N N R C AR (LU R W (PN UL 1. 6ig x 1047 IR £02 8 107 | 0. 07 DB INCREASE IN INSF
‘ P T aratet o nroxod ). 68 % 1017 TS SRS 302 x 107 . 0.11 DB INCREASE IN INSE
) 1:) ¢ .
(R IR Y] ' . ) ) .
SRS (I F IR BN TR L7510t 1848 Lol S VNS T 3 qu oy 107 © 0. 10 DB DECREASE IN MO!
52\ 10 ‘ ‘ ‘ . - 0. 15 DB INCREASE IN INSE
CRNRTIE ol L 10T 1L 3 xT0-h 1 175 s 1ot Lo6T v 1 cood2ox 10 300 x W7 u. 15 DB INCREASE IN INSE
RN [ AR PO BT ELON IS Ui kI (I 2 59« 1017 I RN T 466 x 107 0. 23 DB INCREASE IN 1501
52 v j0l2 1 ‘ ' _ ! o ) 0. 05 DB INUREASE IN INSE
i T P i S (e S B E RS UL 167 v 1oty I TN TY A 301~ 107 0. 08 DB INCREASE IN INSE
07~ 1old i ‘ N ‘ _ ‘ B
. E das ot 17 1x 10y 1. 46 » 104 1oan o 1ol K N R TN 2.81 % 10¢ | 0.10 DB INCREASE [N MO
45 ol ‘ | ‘ . ' 0.09 DR INCREASE IN INSE
X ' T L SN TUCL L B DI VNS T 2 138 1ty EARNEN TN 385N 107 . .07 DB INCREASE IN INSE
15\ 1ok - ‘ . ! ‘ . i
NN T £5.7 % 1070 1. 59\ 10% 1 oag s 10b7 RN T 330 % 107 | U IEDBINTTTm N

U. 15 DB DI

‘ v ! ‘ : T 7 DE :
e T A T SN TR I U1 I T ; 2,27 % 1okl IR TTLNTE A S AN T 3.01 DB IN i
‘

L0 DI} INC :




ND DOSERATE EXPOSURES
TS (SHEETY)

|

- - ' ' . !
1 1 12 , 13 14 15 16 ’ 17
i .
@ Rrace ‘ PEAK INCIDENT 1 GRATED - PeAK INCIDENT |
SK REACTOR ! a
‘ A | R NEUTRON FLUX T AMMA « GAMMA i .
?2 ) H:ﬂg”) (1SEC 1 REy, 001 (CATCULATED) DOSE Dy DOSE Dy ; RADIATION EFFECT ON COMPONENTS |
R ON ‘ D> LGN (NEUTHONS (‘m-’ SEC.) i"{AI)H) \ {RADS SEC.) : ;
- U . . 4 - v . - - + e - - T“—ru R - - B NSO
Eo-b R E ARG (LA B RN (O NS TR conaaet T w107 ! 0.04 DB INCREASE IN MONITOR SIGNAL P1 & P2
. . _ _ . R [ 0.04 DB DECREASE IN INSERTION LOSS P1 & D2
TR F NS (TR LT o Lo O T ST 2,97 5 10! ¢ 0.09 DB INCREASE IN INSERTION LOSS
. . . . i 0.03 DB INCREASE IN VSWR SIGNAL
1076 T s <t L5 s 1 R Y VIR TI A X PR 1L U. 23 DB INCREASE IN INSERTION LOSS
107 Uiy st 0 s ot SRTTRNR I b xtod 3.50 x 107 T AN VI N ST U R TR
VR AR FATRNS [P B W RN OIE ©ora o geln 2o x 108 Las v w7 ' 0.05 DB DECREASE IN MONITOR SIGNAL P1 & b2 ;
o o , _ . . 0. 18 DB INCREASE IN INSERTION LOSS Pl & P2
IR I A R 179 % 10t TR LY v o5 x 108 2. 85 x 107 . 0.97 DB INCREASY IN INSERTION LOSS
107" e 107" p7a ol 2oy ot torx1ed T ' 0. 11 DB INCREASE IN INSERTION LOSS
T ER ENE TR U W T e P10t ST 3,57+ 107 | C.14 DB INCREASE IN INSERTION LOSS
‘ ' 0 52 DB INCREASE IN ISOLATION
i , i
w1 ox 10 15 x 108 7o golh poo2ms10d LRt | .05 DB DECREASE IN INSERTION LOSS P1 A 12
1" ‘ oos 1ot s 1ot ¢ ld T N 1 Rt R ' 0.07 DB INCREASE IN INSERTION LOSS
_ . | , ! 0.02 DB INCREASE IN VSWR SIGNAL
TR E ORI AL WV HE Py qold RS NS (N T ' 0.26 DB INCREASE IN INSERTION LOSS ‘
VIR PRURNS T I TANS Y oAt 10l Coaa 108 ek 107 | 0.21 DB INCREASE IN INSERTION LOSS ‘
; ‘ 0. 50 DB INCREASE IN ISOLATION
TR E RN TR 17n s it Con el Po26rw108 0 L2 | NO CALIBRATION ON ADAPTER Re. TURN SIGNAL
. - | } - 5
S TURENS RRF NG T Lot Loid s 1ol Lo sy 108 242 % 107 i 0.10 DB INCREASE IN INSERTION LOSS
: : ; | 0.03 DB INCREASE IN VSWR SIGNAL
T AN FRR SN TR IERNDT Loae s 1ol Codox il 2 107 © 0.28 DP INCREASE IN INSERTION LOSS
; | = .
£ 0" SRR TIN B ERTL HECEENE G RS TS 3,57 8 10 " 0.22 DB INCREASE IN INSERTION LOSS
‘ ‘ _0.52 DB INCREASE IN ISOLATION
S 1T 1 oTuy o ARSI T R TS 366 107 i NO CALIBRATION ON MONITOR SIGNAL
. ©0.09 DB INCREASE IN INSERTION LOSK P1 & P2
! RN Lo L RINTRNS TN EER ERS T 484 8107 i 0.16 DB INCREASE IN INSERTION LOSS
TR FF RN TR L7y 1od TN Lo 1ed 30028 107 | 0.07 DB INCREASE IN INSERTION LOSS
k 1o R Lo7oy1od 1oan x 1017 413 108 3,028 107 , 0. 11 DB INCREASE IN INSERTION LOSS
Nt Vit qoet yorhowqod 1.+4x 1olb 380 % 10d 3 48 x 107 | 0. 10 DB DECREASE IN MONITOR SIGNAL P1 & D2
, . B ! 0.15 DB INCREASE IN INSERTION 1OSS P1a P2
! [ERRIRN (TR RN 1oe7 s ol s 2eswd 4 Ul o) 0. 15 DB INCREASE IN INSERTION LOSS
t 1o RIS 1ins ot rAURNETIIE RN IR NTRRTIY 023 DB INCREASE IN ISOLATION
_ ; . B 0. 06 DB INCREASE IN INSERTION LOSS
SRS RIS RN T B AT TR SN 0. 08 DB INCREASE IN INSERTION LOSS
}( 1 (RIS TR 1oatoy 1o U fold Vs 108 LHL T 0. 10 DB INCREASE IN MONITOR SIGNAL 'L & 12
i ‘ . B 0,09 DB INCREASE IN INSERTION LOSS
p 107 171, 10! 1oy ot R T RERIENS TS RN TYY "L 07 DB INCREASE IN INSERTION 1.08s
SR N Y RN L SIS RTINS T A0 100 © 010 DB INCREASE IN MONITOR SIGNAL D1 b2
‘ ‘ . | W 15 DB DECREASE IN INSERTION TOsS P2
P ot 1 SRR VTEE Loou o ot AR RIETITINE I . [ IR RN 0. 07 DB INCREASE IN INSERTION LOSS
‘ 2.0 DB INCREASE IN ISOTATION
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SYMBOL DEFINITIONS FOR TABLE VI

DIFFERENCE BETWEEN CENTER OF RADIATION BURST AND
CENTER OF P1 (MICROSECONDS)

INTEGRATED NEUTRON FLUX 3.0 Mev (NEUTRONS cn12)
INTEGRAL NEUTRON FLUX 1.5 Mev (NEUTRONS cmz)

E
ns

. 1435
INTEGRAL NEUTRON FLUX 0.7 Mev (NEUTRONS ('mz)
INTEGRAL NEUTRON FLUX 0.01 Mev (NEUTRONS (‘mz)

FIRST COLLISION TISSUE DOSE OF NEUTRONS (RADS)

8

1.66 x 10-8 Ens WHERE 1.66 x 10"~ IS AN EMPIRICAL NUMBER

RADIATION PULSE WIDTH AT ONE-HALF MAXIMUM OBTAINED
FROM SPRF PHOTOGRAPH (SECONDS)

REACTOR PERIOD = LS Tw WHERE - ! IS AN EMPIRICAL

NUMBER (SEC.) 2.86 2.86

RATIO OF PEAK NEUTRON FISSION RATE TO THE TOTAL NEUTRON

1
FISSIONS 4T

INTEGRATED GAMMA DOSE (RADS)

PEAK GAMMA DOSE RATE (RADS SEC.)

Hi pulsed - Gkw
¢+ Power level delivered to the component under test.
" Low cw ~ 100 milliwatts

**+  Positive sign indicates the center of the radiation burst was ahead
of the center of P1,

we F“U, 01 was calculited assuming I-lns U, 145 En 0.01,




LE VI
ADIATION BURST AND

INFUTRONS o)

FUTRONS “mz‘

FEUTRONS cm'
NEL TRONS o1’
U TRONS (tRADS)
N FMPIRICAL NUMRBER

LF MAXIMUM OKRTAINFD

1
Is AN FMPIRICAL

' 1o FHE TOTAL NEUTRON

Hi pulsed  Skw
N andel test,
Clow ew oo mulhiwatts

the radiation buarat was ahoad

Lo bt

T
1 2 3 4
BURST COMPONENT POWER §*t
. NUMBER EXPOSED LEVEL* (MICROSECONDS)
9 | COAXIAL DUPLEXER HI PULSED -5
W, G CIRCULATOR LOW CW i
LOW CW
ALUMINUM W G (AIR FILLED) LOW CW
10 | COAXIAL DUPLEXER HI PULSED +15
! W,G CIRCULATOR LOW CW
W, G DUPLEXER LOW CW
ALUMINUM W, G (AIR FILLED) LOW CW
1 W G CIRCULATOR HI PULSED -5
i |
W G DUPLEXER . Low Cw |
i f
1 W G CIRCULATOR ! HI PULSED -3 |
| !
W G DUPLEXER | LOwW CW |
COAXIAL LIMITER ' LOW CW |
H i
i |
14 W G CIRCULATOR ¢ HI PULSED 10
i |
: |
!
14 W, G CIRCULATOR LOW CW -42 ‘
| :
15 W, G CIRCULATOR CLOW CW | .30 }
COAXIAL LIMITER L LOWCW ;
i . W G CIRCULATOR . LOW CW -15 |
7 W, G CIRCULATOR . LOW CW - i
ALUMINUM W G (1 DENSITY POLY) | LOW CW
1 .
I COAXIAL Cl.. 'ULATOR | HI PULSED 0
COAXIAL LIMITER | LOW CW ,
C'OAXIAL CIRCULATOR | LOW CW :
| ALUMINUM W G (HI DENSITY POLY) | LOW CW i
B Y S L
- M.d“'"‘

NMEUTRON FIUX

.—l
INTEGRATED Tl

!

¥ Fe

e LY 9
INELTRONS em=) {

,,,,,, [

204 x 1012 !

145 x 1012

S8\ 1012

1,34 tol2

Cwx ol?

R T
Chax 1012

v 10le
TR T 3
toos mll’
19

A LU
9

N o
v 1012




TABLE VI. NEU
TIOT: :::':-IAY DOSIMETRY = “vIDING INTEGRAL DOSE AND
ICR ‘ v
OWAVECOMPHA'NTS AND THE OBSERVED EFFECTS |

T ! e
: “‘ INTEGRATE D ' 8 W e s SE ]
POWER e ATED h 1y NE - 9 N
LEVEL * } NEUTRON FLUX INTEGRATED NEUTRON FLUX (BORON BALL) TEG 10 u | ,
2L | ooMIc po b S | (NEUT ) " INTEGRATED NEL11: | 1.
| : Epg = NELTHONS o™ et NEUTRON :
L,, - - ; (NEUTRONS sz) En 1.5 I e ST SN NP ) N 03 § I,J,UX e TISSUE PULSE LORBEACTY
bl prLsED . | n 1Y | En0."® . n 0. 01 (CALCULATY - WIDTH | PER
{1 PULSED | -+ S R By 0.01 (NEUTRONS cm2 DOSE Dy WIDTH =+ | FRIO
! 3 2.00x 1012 | 1 - : eme (RADS) Ty (SEC.) . TSk
OW CW _ ! i ] 13 - S e
5 ; 1. 435 x 1012 ‘ | 1.44 x 10 5 17x 104 | s0x10-9 * —_—
OW (W i 4 ] SN
R - ! 1. 00 x 1013 . .
LOW CW 103 x 1012 ‘ | ; 10 varv10f | os0n10f 47 ae
149 <1012 : | | 7.10 x 1012 P
HI PULSF : ! ' <108 1000 171 x 104 C10-6 .
PrLakD ‘ 2.79 x 1012 re 112 j 1.03 x 1013 l’ 4‘1:184 010 :3 Lol
LOW (W | 178a10 3.76x 10121 4918 10t2 T 50 x 1070 175
LOW CW 159 x 1012 ‘ | 1.92 x 1019 i n3 x 104 | w6x1070 .
LOW CW 1.20 x 1012 ; ‘ I ; ) ; IR LTI SN
189 x 1012 ‘ ‘ i | 110X 101{3 v 4 x 104 46 x 10-6 e
. . . ;oL b [T Y
HI PULSEDY L34 12 ’ ; IR Sees bl 46 % 107Y ‘ i
L34 8 100 ~ ' ! Poneos Lo A T . 1n-6 .
LOW % 1.67 x 1012 3 16« 10l C4a5 x 1012 i 1 BN L “ 46 x 10~ "
‘ e < gol2 | R ! 9.24 x 1012 5oy ot ’ s0x 10-6 1o -
HI 1 I~ D ' . 1 ! . 17
L 139 1002 8. 00 x luts pusx1ot | soxtet ot
JOW U 1 ‘ - . \ ‘
LOW W 1,354 102 ‘ 9.59 x 1017 Sy x 104 Cw o
1.21x 1()12 . . } 50 x 10 17T o
HI 1 LS D : ‘ 9.31 x 1017 EETRRTC N 106
Laos ol : b 34 x 1012 O IRt
LOW 'V 3 9.66 x 1012 99 1 s
' ' 1. 19 x 1ul2 ‘ 2N 10 50 x 10°9 I
LOW CW )
| LOW (W .51 10}2 ‘ 821 x 1012 s s 10b o ‘
1. 50 x 1012 ‘ ‘ ‘ ; G0~ 10 2io
TOW W 1.04 x 1013 Sl 10t 50 % q0-8
133 x 1012 - ” : 1.0 x 1013 POINIOL L S0 I0TE
LOW € W ST T T I TS - 1 SN L (VR T SN
' N . ’ AR (TLE ,
1. 49 v wl2 - 9. 17 x 1012 St 10 52 x 10-6
LOW (' ‘ 108 52 x107 VIR
1. T6H X 1()12 1,(_)3:\-1013 ERTIN 104
HIL Pt basbn ‘ »
sy 1o!2 5 wn . ‘ 121 <ot 1ot
LOW Cw 2608 dol B s 1ol 79T A 10l? R
LOW W 137N 10,2 : ‘ 514 8 1012 Cwis 108 50 N )
LOW €W 1. 18 \ 1012 ’ b0~ 10 1700,
1,52 5 1012 ‘ ‘ ‘ v 45 % 1ol 2T g0t . .
r 8. 14 x 1012 DRTNA0Y L 50x 1070 175
‘ U6 107 0 50 -6 !
- s ; ‘ 1. 05 x 1013 W ha < 104 1ok X 1070 17.5 8
J O R - ; 2x 10 ' 50 x 10—(» 175
T T |




DOSIMETRY PRO -
WAVECOMPONE:

———

g

ATED NEUTRON

LUX LR 2]
CALCULATED)
RONS, cm?)

i
'
s

.44 x 1013

.00 x 1013

~1EGRALDNSE AND DOSERATEEXPOSURES

. iHE OBSERVE

D EFFECTS (SHEET 2)

.10 x
.03 x

.92 8

1013

1013

.10 x 1013
T I

LR T2 :

.24 x 1012

00 x 1ul2

L HY N
L3N

1l

.34 x 1012

CB6 s 1012

| .
21\ 1012
1013

1013

REVEIRN
LO00X
i

1012

1“13

FIRSTL

SULE
158 1012
1()1j
05 % 10ld

U . e .
1 ~ 12 13 14 15
_— . PEAK INCIDENT INTEGRATED

PULSE REACTOR ‘

el ‘ ) R NEUTRON FLUX : GAMMA

WIDTH PERIOD . . - :

boisEey | T SEC. ) (1L.SEC.) | REp0.01 (CALCULATED |  DOSE Dgr
R (NEUTRONS cm? SEC.) | (RADS)

vt 17.5x 1076 1 143 x 104 2. 06 x 1017 4,05 x 103
'y 107V 17.5x10-6 | 1043 x 104 1. 43 x 107 o 3.25x10°
|

an10st 17531006 | 143 x10d | 2.45 x 1016 | 2,65 x 108

o x1676 17.5x10-6 143 x 104 | 1.47 x 1017 . 3.45x103

ottt 161 x 1076 1. 55 x 104 2.98 x 1017 P 5.60 x 103

o 1070 16,1 x 1078 1.55 x 104 1. 71 x 1017 3.25 x 103

O (U P BN TR B B TR [ im s ,\,:i 2.95 x 103

R RN T RPN N . 3.50x108

co1oth D175 x 1078 E 1. 43 x 104 1.32 x 1017 b5 x 108
ot s x 1006 | 143 ko109 1. 14 x 1017 2.90 x 109
e 1ns5x1076 ) 143 x 104 1.37x 1017 C2.95 x 108
} I

vt s x107f 0 143 x10% 1.33 x 1017 - L9ox108
-t 7.5x10°6 1 1,43 x 104 1.19 x 1017 2.30 x 103
ot 17 5x10°6 | a3 x 10t 1,36 x 1017 315 x 108
viot o 210x 1076 a9 x 0t 9.77 x 1016 2,55 x 103

1
1ot 17.5x 108 0 1043 x 108 1.49 x 1017 3.65 x 103
s b 115 x 1078 1.43 x 104 | 1. 49 x 1017 3.6 x103
2ot 1w 2 x10-6 1.37 x 104 1.26 x 1017 2. 80 x 103
3.15 5 103
2.40 x 108
Coutnet 17.5 % 1076 1. 43 x 104 1 1.16 5 1017 2,65 v 109
ot 1Tex10-6 143 x 108 1.35 % 1017 2,85 x 103
w1 1T 5x 1076 1 143 x 104 116 x 1017 2,45 x 103
o0t 17 5% 1078 1,43 w104 l 1.50 x 1017 2,00 x 103

. 1

1t
PEAK INCIDENT
GAMMA
DOSE Dgr

(RADS SEC.)

3.72 x 107
2.59 x 107

~

-+

1.
2.

W

83 >
65 x

.38 x

3 07x
B P

[TTINN
2 38 x

2.07 x

2.48 x 1

.40 X

2
2,16 x 1

—
-3
-1
w

RN
<
=

'~
na
-1
~

44 n
10 =
70 %

j2%1 !’J e

3 x 10/

107

107

197
107
107
1014

RADIATION

0. 15 DB INCREASE IN MO’
0. 06 DB DECREASE IN IN¢
0. 12 DB INCREASE IN INS
NO CALIBRATION ON V5W

0.

0.

36 DB INCREASE IN INS

17 DB INCREASE IN MO

—

. 12 DB INCREASE IN INS
0. 15 DB INCREASE IN INS
P L R Y I G B

T R N N N A T A
0. 04 DB INCREASE IN MO

0. 10 DB DECREASE IN P1
. 16 DB INCREASE IN TNS

<

. 03 DB INCREASE IN MO
. 11 DB INCREASE IN INS
. 24 DB INCREASE IN INS
. 02 DB INCIRRIEASE IN VSV

CcCCoCoOC

(=]

. 02 DB INCREASE P1, u.
U. 07 DB INCREASE INSER

<

.09 DB INCREASE IN INJ

0. 10 DB INCREASE IN INs
10 DB INCREASE IN SIGNA

0. 11 DB INCREASE IN INS
0. 06 DB INCREASE IN MO

). 15 DP. INCREASE IN INS
0. 21 DB INCREASE IN INS

0. 22 DB DECREASE IN MC
0. 08 DB DECREASE IN IN:
0. 09 DB INCREASE IN INS
NO CALIBRATION VSWR 5
0. 20 DB INCRFASE IN INS




DOSE RATE EXPOSURES
bTS (SHEET 2)

12 Lo 14 | 15
CTOR } PEAK INCIDENT ! INTEGRATED
Rion. | R NEUTRON FLUX : GAMMA
BEC.) | (1 SEC. ) REp 0.01 (CALCULATED |  DOSE Dgr
i i (NEUTRONS, ¢cm? SEC.) | (RADS)
51070 1 1438 104 | 2.06 x 1017 I 4.05x103
! i - ‘
x10-6 143 x 108 1.43 x 107 o325 x 10
x 1075 1,43 x10% 2.45 x 1016 . 2.65x103
x 10-Y 1.43 x 10% . 1. 47 x 1017 3.45 x 103
x 106 155w 10t ! 2.98 x 1017 5. 60 x 103
|
x 10-6 155 104 ‘ 1. 71 x 1017 3.25 x 109
o T 2,95 x 103
N L o 3.50 x 103
x 10-¢ 143 8 10 1.32 x 1017 1. 85 x 103
1wt L4sx 10% 114 v 1047 2,90 109
x -t 1. 43 107 137« 1017 2.45 s 1073
107f 13 x0d 1.33 v 1017 1.90 x 103
X 107t 143« 104 119 x 1037 2,30 x 103
x 1070 1a3xaot 136\ 1017 515§ 10%
st wstet 49.77 » 1016 2.55 % 1o%
21076 143 x0d 1.49 ¢ 1017 3. 65 x 109
x 10-6 143~ 10Y 1. 49 x 1017 3.6 x 108
X 10-F 137« 104 L2t x 1917 2. 80 x 109
3,15 8\ 108
‘ 240 x L3
TR IFERENRUL 116N 1wl RALE RN T
T PR R (L 135 il 2 65 % 10t
x 10-% Load s 1ot 16N 1037 2. 85\ 107
x 10-6 [REER SR 150\ 10dT 2,00 x 10%

1
!
|
|
|
£

16
PEAK INCIDENT
GAMMA
DOSE Dyr
(RADS SEC.)

3.72 x 107

2.59 x 107
107
107

1.83 x
.65 x

[

.38 % 107

o

2.38 x

45 x 107

&)

40 x
16 x

10!
107

[S- )

107

N

.49 x

2.27x

107
lur
10!

2044 8
210~
2.70

17” o “]

RADIATION EFFECT ON COMPONENTS

0. 15 DB INCREASE IN MONITOR SIGNAL P1 & P2 ‘
0. 06 DB DECREASE IN INSERTION LOSS P2
0. 12 DB INCREASE IN INSERTION LOSS i
NO CALIBRATION ON VSWR SIGNAL ‘

0. 36 DB INCREASE IN INSERTION LOSS

0. 17 DB INCREASE IN MONITOR SIGNAL P1 & P2 '
.12 DB INCREASE IN INSERTION LOSS P1 & P2

0. 15 DB INCREASE IN INSERTION LOSS

ol D N ORENST O IN INsTRTION oSS

Lo bBrbeentasy IN DRI foss

—

. 04 DB INCREASE IN MONITOR SIGNAL P1 & P2
. 10 DB DECREASE IN P1, 0.02 DB DECREASE P2 INSERTICN LOS3
.16 DB INCREASE IN INSERTION LOSS

oo

. 03 DB INCREASE IN MONITOR SIGNAL P1 & P2
. 11 DB INCREASE IN INSERTION LOSS P1 & P2
. 24 DB INCREASE IN INSERTION LOSS

.02 DB INCREASE IN VSWR SIGNAL

cCooC

.02 DB INCREASE P1, 0.02 DB DECREASE P2 MONITOR SIGNAL
. 07 DB INCREASE INSERTION LOSS P1

< <

0. 09 DB WCREASE IN INSERTION 1LOSS

0. 10 DB INCREASE IN INSERTION LOSS
10 DB INCREASE IN SIGNAL LEVEL FROM OUTPUT PORT

0. 11 DB INCREASE IN INSERTION LOSS

U. 06 DB INCREASE IN MONITOR SIGNAL
0. 15 DB INCREASE IN INSERTION LOSS
0. 21 DB INCREASE IN INSERTION LOSS

0. 22 DB DECREASE I} MONITOR SIGNAL P1 & P2
0. u8 DB DECRF.ASE I3 INSERTION LOSS P1 & P?
0. 09 DB INCREASE IN INSERTION LOSS

NO CALIRRATION VSWR SIGNAL

.20 DR INCREASE IN INSERTION LOSS
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S. CONCLUSIONS

The following conclusions are based on the operation of C-band microwave
components at power levels of 100 milliwatts (low power) and 5 kilowatts (high power)
at a frequency of 5.6 Ge and in a radiation environment of the content and duvation of
that produced during a burst at the SPRF. The radiation effects on the operating

characteristics of the components are the following:
5.1 WAVEGUIDE TO COAXIAL ADAPTERS

The average transient decrease in the signal level passing through the adapt-

ers using rexolite beads was approximately 0, Idb at low rf power, Under the same

operating conditions, the average transient decrease in the signal level passing through
the adapters using polvethylene beads was less than 0.2 db or approximately twice that
of the rexolite beads, Transient effects observed at high rf pulsed power were of com-
parable magnitude.
5.2, ALUMINUM WAVEGUIDE SECTIONS

Air 1onization effects in waveguide have been noted in previous experiments
Tests performed during this interim using caretully selected adapters (Rexolite beads)
are consistent with the previous conclusions,  Solid dielectric inserts reduce the
ionization effects and thus the transient increasc in insertion loss per foot; however
these inserts increase the static insertion loss of the weveguide by approaimately an
order of magnitude,

5.3. COAXIAL ISOLATOR

The radiation effects observed were less than 0.1 db, The device seems Lo

be fully acceeptable for use 1 a radiation environment,
.4 COAXIAL CIRCULATOR

The high and low power transicat effects observed for this device are less than
0.05 db.  This device seems to be tully operational in a ransient radiation environ-
nment,

5.5 COAXIAL LIMITER

The transient radiation cffects observed for this device at low r-f power are

less than 0.1 db and are thus aceeptably low, At hizh power the signal tevel out ol

the nmiter mercases by approxmmately 10 db, The basie source of this effect 1s




believed to be associated with the teflon bead used for the single erystal sphere holder
and cross strip spacer,  Sonme redesign and additional tests on the device seem re-

quired o produce a fully radiation resistance gyromagnetic coupling limiter.
5.6 COAXIAL DUPLEXER

This deviee composed of the coaxial Y-junction circulator and the coaxial
Jimiter seem to be aceeptable for use in a radiation environment, The observed aver-
age transient radiation eifvets were less than 0,2 db,  The isolation provided by the
circulator seems o 1educe the rf power reaching the limiter to a magnitude below
that procducing the adverse effects observed in the tests of the limiter alone. This of

course, depends on the application and system environment of the duplexer.
5.7 WAVEGUIDE JUNCTION CIRCULLATOR
The average transient radiation effects observed for this component at low or

high power are less than 0. 15 db.  The operation of this device seems acceptable for

utilization in a radiation environment,
5.8 WAVEGUIDE DIFFERENTIAL PHASE SIIFT DUPLEXER

The average transient radiation effects observed for this component at low or
high power are less than 0,3 db. A large portion of this observed effect is possibly
associated with the waveguide-to-coax adapters required to perform the tests. The

actual radiation eftects in the duplexer proper is probably near 0,1 db.
5.9 MAGNETRON AND FREQUENCY METER

Tests on the bare magnetron operating in the pulse radiation environment
produced no deterioration in the pulse shape or magnitude, Previous experiments
which included the pulse transformer and associated circuitry produced results show-
g large decreases in output power during and just after the radiation burst, These
clfects are attribuced to the pulse transformer and circuitry supplementary to the mag-
netron, The magnetron itself apparently operates witheut deterioration during the

radiation burst,

The obscrved sicials from the frequeney meter tests could not be fully ana-
lvzed, However, the characteristios of the transmission cavities apparcntly were al-
tered during the burst producing laree exerusions in the outpul signal,

2010 GEANFRAL

In geneval, the offects of the radiation experimental tests during this period

anree well withi those reported [or previous periods. With the exception of the coaxial

5.2




limiter, the observed effects at high r-f power level=s (5 Kw) agree well with those
observed at low cw power,

The operating characteristics of all the ferrite duplexing components tested
in the pulsed radiation environment (with the possible exception of the coaxial gyro-
magnetic coupling limiter) are not altered severely, Each component would be accept-

able for utilization toward radiation resistant or hardened microwave system,
The significance of these conclusions to the microwave equipnient designer is
as follows:

The gyromagnetic coupling limiters can not be expected to retain
their full limiting characteristic when exposed to pulsed radiation
and high rf power. In critical power limitimyg situations, some de-
gree of 1adiation resistant development will be needed for the lim-
iter to perform properly, All of the other components tested seem
fully acceptable for utilization in radiation xesistant microwave e-
quipment.

The significance of these conclusions to thes microwave tube designers is the
following:

The magnetron (MA-220) and pulse transio rmer exhibited large
transient effects during the radiation burst and recovery time
(lingering effects) are long (much longer than 150 microseconds),
The magnetron itself exhibits radiation res istant characteristics,
Radiation effects in the pulse transformer and associated driver
circuitry produce the observed deterioratiiig effects.

The significance of these conclusions to inclividuals ergaged in the study of

radiation damage mechanisms is the following:

Ionization produced by gamma rays and the resultant clectrons is
the most prominent radiation damage meclhanism ohserved in the
studies of transient radiation effects on mu crowave duplexing
cquipment,
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7. PROGRAM FOR NEXT INTERVAL
(1 MARCH 1964 TO 31 JULY 1964)

The data coliected during the entire program will be turther analyzed and
integrated. A thorough analysis and interpretation of the results of the program will

be formalized leading to the preparation of the final report.
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